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[57] ABSTRACT

Method and device for determining the radiation pa-
rameters of a focused beam of charged particles guided
periodically over a target surface, especially in an elec-
tron beam melting and vaporizing system wherein the
target 1s the surface of a melt. At least one probe is
positioned in front of the target surface in the direction
of radiation and within the beam trace, the probe being
connected to an electrical display device. The output
signal of the probe is displayed via a cathode ray tube
and the reversal point of the charged-particle beam is
determined on the basis of the time interval between the
signal peaks in conjunction with the velocity of the
beam movement.

15 Claims, 4 Drawing Figures
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1

 INSTRUMENT FOR DETERMINING THE
RADIATION PARAMETERS OF A FOCUSED
CHARGED-PARTICLE BEAM AND METHOD

BACKGROUND

This invention relates to an instrument for the deter-
mination of radiation parameters of a focused charged-
particle beam periodically guided over a target surface,
especially in electron beam melting and vaporizing, the
target surface being the surface of a melt. The invention
also concerns measuring processes using this instru-
ment.

In the use of electron beams it is frequently desired to

detect the radiation parameters themselves, including

‘the state of focus or focal spot diameter on the target
surface, as well as the pattern of deflection of the elec-
tron beam on a target surface that is many times larger
than the focus spot. The target surface can be scanned
or swept by the electron beam along X-Y coordinates,
for example.

The determination of radiation parameters 1s espe-
cially important in the vaporization of mixtures or al-
loys of materials having different melting and boiling
points. In such cases, the individual components of the
mixture or alloy are subject to different rates of vapori-
zation, resulting in local changes of the composition of

L
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perlphery of the target surface. Each impingement of
the charged-particle beam on the probe, or each passage
of the beam over the probe, would be expressed in an
electrical impulse which can be visually signaled. In the

“case of a rectangular vaporizing crucible, for example,

such a probe could have the shape of a rectangle in
which the individual sides are at a certain distance from
the edges of the crucible. The purpose of this is to pre-
vent the electron beam from striking the edge of the
crucible where it might damage the crucible or at least

~ might produce extremely undesirable contamination by
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the mixture or alloy in the vaporizing crucible. Details

concerning the behavior of molten alloys in vaporiza-
tion as well as measures for their control are described
in German published application No. 28 12 285.

A vacuum depositing process has become known in

30

which an electrical probe is disposed above the surface

and in the stream of the vapor of the vaporizing mate-
“rial, which is connected to an electrical indicating in-
strument. This probe serves, however, only for the
determination of the rate of vaporization. Electrically
- charged vapor particles condense on the probe, and the
charge that is yielded to the probe is a measure of the
quantity of vapor per unit of time. The probe in ques-
tion, however, is not placed in the path of an electron
beam; it must not even be struck by the electron beam,
because the latter would signal a non-existent high va-
porization rate due to the charge which it would yield
to the probe. This probe, therefore, is not an instrument
for the determination of radiation parameters of a
charged-particle beam. |

SUMMARY

This invention provides an instrument of the kind
described above, which will make it possible to deter-
mine different radiation parameters as well as the dispo-
sition of the charged-particle beam in relation to the
target surface, doing so in an extremely snnple and
reliable manner.

This is achieved in accordance with the inventlon, in

the instrument described above, in that at least one
probe is disposed over the target surface and within the
trace of the beam and is connected to an electrical indi-
cating instrument.

DESCRIPTION
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The position of the probe in space with respect to the

surface that is the target of the beam can be used for the
purpose of obtaining an indication of the impingement
- of the charge carrying beam on the probe. In the sim-
plest case, the probe could consist of a metal frame,
such as a square loop of wire conforming to the outer
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the partial evaporation of the material of the crucible. It
is possible to special advantage, however, to divide the
probe along the circumference of the vaporizing cruci-

ble into individual sections and to connect these sec-

tions to different indicator means or to connect a single
indicator means cyclically to the probes. In this manner
the radiation parameters can be tested independently of
one another locally, i.e., at different points on the target
surface. |

It is especially advantageous to make the probe from
an electrically conductive wire whose width is smaller
than the beam diameter. The material of the probe is, of
course, preferably a metal of high melting point, it being
also possible to use for the probes thin tubing through
which a coolant is circulated. The thinner the probe is,
the greater will be its resolving power.
~ If an electron beam of given dimensions is moved
transversely across the probe, it will produce an impulse
of approximately sinusoidal form, the amplitude and the
distance between the flanks of the pulse providing in-
dexes of the state of the focus of the charge carrying
beam. The greater the amplitude and the smaller the
distance between the flanks of the pulse are, the more
sharply the beam is focused, and vice versa.

The instrument of the invention can be further devel-
oped by disposing two or more wires successively along
the path of movement of the beam. In this manner the
positioning of the beam on the target surface, and espe-
cially of the point of its reversal at the end of the target

surface, can be located more precisely.

The positioning of the reversal points, however, can
also be performed by means of a single wire disposed at
the direction of beam movement, this being accom-
plished by a measuring process in which the probe out-
put signal is displayed by means of a cathode ray tube.
If the reversal point is situated beyond the wire, the
charged-particle beam will produce a first impulse
when it passes over the wire on its excursion, and a
second impulse when it passes over the wire on its re-
turn. It will then be easy to determine the location of the
reversal point of the beam on the basis of the time lapse
between the signal peaks in conjunction with the veloc-
ity of the beam movement or deflection. |

On the other hand, however, the probe can also con-
sist of a U-shaped wire loop whose crossbar is straight
and aligned paralle! with the beam movement. If the
crossbar is situated within the trace of the beam, the
charged-particle beam will produce a pulse beginning
when it first encounters the crossbar and ending when it
leaves it, the length of the pulse being proportional to
the length of the crossbar and inversely proportional to
the deflection velocity of the electron beam at the
probe. The deflection velocity of the charged-particle
beam at the probe can be determined simply on the basis
of the time lapse between the flanks of the signal in
conjunction with the length of the crossbar.
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This probe can be further developed in accordance
with the further invention by making it to consist of a
U-shaped wire loop having an additional, electrically
conductive wire shunt that 1s parallel to its crossbar and
conductively connected to the probe. When such a
probe 1s mounted adjacent the crucible wall, it is possi-
ble to analyze the beam trace more precisely in the area
of the crucible wall, i.e., the “resolving power” of the
probe 1s increased. In this case, care must be taken to see
that the crossbar and the shunt are parallel to the por-
tion of the crucible wall on which the loop is mounted.
When the charged-particle beam is scanning the target
surface approaches the crossbar and finally impinges
upon the crossbar, first a long pulse is produced. Then,
when the charged-particle beam approaches more
closely to the crucible wall, it first passes over only the
“two shanks of the wire loop, producing two individual
pulses with a distance between their peaks which is
proportional to the crossbar length, and inversely pro-
portional to the velocity with which the beam is de-
flected. As the charged-particle beam continues to ap-
proach the crucible wall, it strikes the shunt wire that is
parallel to the crossbar wire, and again produces a long
pulse which will be identical to the long pulse produced
when the crossbar wire was encountered. This process
can be accurately timed, so that the observer can tell the
position of the focal spot with respect to the crucible
wall.

The probe can, in accordance with the further inven-
tion, be made in the form of a fine-mesh network whose
individual wires form a coordinate system and are con-
nected to a cathode ray tube, so that the trace of the
charged-particle beam can be continuously analyzed,

even as an integral. It is, of course, possible to connect

the output signals of one or more probes to an electronic
control system which automatically corrects to the

desired radiation parameters. In this manner it is possi-
ble to achieve an automatic adjustment of the focus or
an automatic control of the position of the sweep pat-
tern with respect to the surface of the vaporizing cruci-
ble, and 1t should be noted that the margins of the sweep
pattern are essentially determined by the location of the
reversal points of the charged-particle beam.

Examples of the embodiment of the invention using
probes of various design will be explained below in
conjunction with FIGS. 1 to 4. .

FIG. 1 1s a vertical cross-sectional view taken
through a vacuum depositing apparatus for the discon-
tinuous coating of a plurality of substrates,

F1G. 2 1s a top plan view of the vaporizing crucible
and the surface of the melt with probes of various forms
In various positions over the target surface,

FIG. 3 1s a detail of a probe that can be swung out of
the path of the beam, and

FIG. 4 presents several diagrams a to e of various
signals produced by the various probes from certain
beam movements.

In FIG. 1 there is represented a vacuum chamber 10
which has on the left side a connection flange 11 for
connection to an airlock chamber and a preheating
chamber, neither of which is shown. A substrate holder
12, which is fastened to a transport stem 13, extends
horizontally into the vacuum chamber 10. A plurality of
substrates 14, in the form of turbine blades, are fastened
to the substrate holder 12 in such a manner that they
virtually completely cover the horizontal surface as-

signed to them, with the exception of a slight separa-
tion.
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A vaporizing crucible 15 consisting of metal (copper)
and provided with cooling passages 16 is disposed un-
derneath the substrate holder 12. In the vaporizing cru-
cible 1s a bath 17 of molten vaporization material whose
surface (identified by the number 18) contains the target
field of the charged-particle beams. Between the bath
surface and the substrates there is formed an approxi-
mately quadrangular space 19 through which the vapor
stream migrates upwardly from surface 18 to the sub-
strates 14. In the roof 20 of the vacuum chamber 10
there are disposed two electron guns 21 and 22 which
are supplied with electrical energy from a control sys-
tem 23. This control system supplies guns 21 and 22 not
only with the required high voltage, but also with the
heater current for the cathodes of the guns. Further-

- more, the control system 23 also generates the deflec-

tion signals required for the charged-particle beams.
For beam deflection purposes, the guns 21 and 22 are
provided with an X-axis deflection system 24 and a
Y-axis deflection system 25. The guns 21 and 22 are
disposed above the level of the surface 18 and laterally
outside of the vaporizing crucible 15. They produce
charged-particle beams 35 and 36 which emerge from
the X-axis deflection system 24 and strike surface 18 at
an angle and scan the latter in the X and Y directions
according to a given pattern.

Above the surface 18 or above the target field, two
probes 40 are situated within the beam trace, and they
are brought through the walls of the vacuum chamber
through lead-through insulators 41 and connected to
display instruments 42.

As shown in FIG. 2, the vaporizing crucible 15 has a
rectangular plan with two long sides 27 and two short

sides 28. Accordingly, the bath 17 is divided by a short

axis of symmetry S—S into two halves 17 and 17b. The
charged-particle beam 35 (FI1G. 1) is associated with the

left bath half 17a and the charged-particle beam 36 with
the right bath half 175.

The probes 40 are disposed adjacent the short sides 28
and are situated directly above the surface 18 of bath 17
and the crucible rim 43 (FIG. 3). They consist of a
U-shaped wire loop whose crossbar is aligned perpen-
dicular to the beam movement direction that is here
being considered. Each wire loop consists of two paral-
lel legs 44 and a crossbar 45 disposed at right angles
thereto. An electrically conductive shunt 46 is disposed
parallel to the crossbar 45, and is situated in the same
plane as the legs and the crossbar. On the right side of
FIG. 2 there is shown an additional probe 47 in which
the shunt 46 is not present.

Four additional probes 48 are disposed adjacent the
long sides 27. The arrangement of all the probes is such
that the crossbars 45 and shunts 46 are parallel to that
portion of the crucible rim with which they are associ-
ated. The legs of the probes, which simultaneously
constitute their electrical connections, are in the present
case at right angles to the related portion of the crucible
rim.

In FIG. 2, focal spots of several electron beams are
represented at A, B, C, D and E, it being understood
that what are involved are basically the focal spots of
two charged-particle beams as shown in FIG. 1, in a
variety of positions. The charged-particle beam A
moves along a path indicated in broken lines over the
two legs 44 of the probe 48, producing in its passage in
one direction two voltage pulses which are represented
graphically in FIG. 4¢ and marked 44'. From the dis-
tance between the peaks of the two curves it is possible,
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if the distance between the. two legs 44 is known, to
calculate the velocity with- which the beam A i1s de-
flected. The state of its focus can also be arrived at. If
the charged-particle beam should be less sharply fo-
cused, i.e., if the focal spot should be larger, the beam
power would be distributed over a larger area, i.e., the
intensity would be lower. On the other hand, the dwell

5

time of the beam on each of. the two legs would be
correspondingly longer for the same velocity of deflec- |

tion. This would express itself in the diagram of FIG: 4a
in pulses whose amplitude is lower, but which have a
greater distance between their ﬂanks as 1nd1cated at
44” .

The charged-particle beam B moves along the path
indicated in broken lines across the shunt 46 of probe 48,
thereby producing a pulse whose shape is represented in
the diagram given in FIG. 4b. The same pulse form
would develop if the charged-particle beam B were to
be guided over the crossbar 45 of probe 48 which is
parallel to the shunt wire 46.-On a trace between first
crossbar 45 and second crossbar 46, a diagram in accor-
dance with FIG. 4a would again be the result. Since the
charged-particle beam B is guided over the target field
in the manner of a raster, in.a manner well known In
 conjunction with the television picture tube, it first
sweeps across the crossbar producing a measuring pulse
in accordance with FIG. 4b, and then it produces two
pulses in accordance with FIG. 44, and then again a
long pulse in accordance with FIG. 4b. If the charged-
particle beam should continue to approach the long side
27 of the crucible 15, a pulse diagram like the one in
FIG. 4a would again be produced. On the basis of this
time variation it is possible to know precisely the course
which the charge carrying beam is following within the
range of probe 48.

If a charged-particle beam C encounters the shunt 46
at the end of its trace, which is also indicated by broken
lines, i.e., if the point of reversal of beam C is situated on
this shunt 46, a pulse diagram is produced in accordance
with FIG. 4¢, which has three peaks. Two pulses 45’ are
produced when the charge carrying beam C passes over
the crossbar 45; the pulse 46’ between them 1s produced
during the dwell of the beam C on the shunt 46. If 1t
does not immediately return along the broken lne, 1.e.,
if a longer dwell time on shunt 46 is selected, this will
express itself in a correspondingly elongated pulse 46’
and by a greater interval between the two pulses 45’ in
FIG. 4¢. If the charged-particle beam C were to be
moved into the interstice between the wires 45 and 46,
and then its direction were to be reversed, the result
would be a pulse diagram similar to FIG. 4a. If the
charged-particle beam C, however, were to move fur-
ther to the right beyond the shunt 46, a total of four
pulses would be displayed, since the charged-particle
beam would twice contact both crossbar 45 and shunt
46 in its excursion. Thus it is possible, on the basis of the
number and position of the parts of the probe, in con-
junction with the number of voltage pulses emitted by
the probe, to read precisely the trace pursued by the
charge carrying beam including its point of reversal. If
the deflection velocity is known, it is possibie to deter-
mine the situation of the reversal point with still greater
precision on the basis of the time interval between the
pulse peaks.

Continuing on its trace represented in broken lines,
the charged-particle beam D moves onto a leg 44 of the
lower left probe 40, thereby producing a pulse signal in
accordance with FIG. 4d. Here, again, it is possible, if
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the deflection velocity of the electron beam is known,
and allowing for any dwelling of the beam at the point

- of reversal, to determine the position of the beam pre-

cisely on the basis of the dlstance between the flanks of

the pulse.

Lastly, it is also pos:;lble to determine the point of
reversal of a charged-particle beam E even when it only

just touches any part of the probe, such as the crossbar

45 of the upper left probe 40, for example. In this case,
a pulse diagram in accordance with FIG. 4e is formed.

A smphﬁed form of a probe 47 is represented at the
lower right in FIG. 2. This consists merely of a wire

“loop having two legs 44 and a crossbar 45. The charged-

partlcle beam, which is not indexed, and is represented

in diagonal hatching, twice passes over the crossbar 45

in each of its excursions, thereby forming a pulse signal
similar to the one in FIG. 44. On this basis, {00, it is
possible to determine precisely the position of the point
of reversal between the crossbar 45 and the crumble
rim.

In FIG. 3 there 1s represented a probe 40 which is
bent and projects at right angles over the crucible rim
43. The probe 40 is attached at a joint 49 to a support 50

- which is held on an insulator 51. The joint 49 1s con-

25

nected by a conductor 52 to a meter 42. When the probe
40 is not needed, it can be swung away on joint 49 out
of the path of the beam, so as to protect the probe

- against heat damage. The operation of the probe can be
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automated such that the probe will be swung into the
beam trace at regular intervals, and during this period
an inspection and/or adjustment of the beam parame-
ters is undertaken.

What 1s claimed 1is:

1. Device for determining the beam parameters of a
focused beam of charged particles guided periodically
over a target surface in electron beam melting wherein
the target is the surface of a melt in an evaporation
crucible, which comprises at least one probe means
positioned in front of the target surface in the direction
of the beam within the beam trace and in the marginal
area of the crucible, said probe means being connected
to an electrical display instrument for displaying the
detected parameters relating to the beam with respect
to the marginal area of the crucible.

2. Device of claim 1 wherein the probe means com-
prises an electrically conductive wire whose width 1s
smaller than the beam diameter.

3. Device of claim 2 wherein the wire is disposed
transversely to the beam movement.

4. Device of claim 3 wherein at least two wires are
disposed successively in the direction of the beam
movement.

5. Device of claim 1 wherein the probe means com-
prises a U-shaped wire loop whose crossbar is aligned
transverse to the beam movement.

6. Device of claim 1 wherein the probe means com-
prises a U-shaped wire loop whose crossbar is aligned
parallel to the beam movement.

7. Device of claim 1 wherein the probe means com-
prises a U-shaped wire loop, parallel to whose crossbar
an additional electrically conductive wire is disposed.

8. Device of claim 1 wherein the probe means Is
adapted to be swung out of the beam trace.

9. Measuring process for determining the beam pa-
rameters of a focused beam of charged particles guided
periodically over a target surface in electron beam va-
porizing wherein the target is the surface of a melt in an
evaporation crucible which comprises positioning a
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probe connected to an electrical display instrument in
front of the target surface in the direction of radiation
within the beam trace and in the marginal area of the
crucible, displaying the output signal of the probe by
means of a cathode ray tube, and determining the rever-
sal point of the charged-particle beam with respect to
the marginal area of the crucible on the basis of the time
interval between the signal peaks in conjunction with
the velocity of the beam movement. |

10. Process of claim 9 wherein the output signal of the

probe is displayed by means of a cathode ray tube, and

the cross section of the charged-particle beam at the
point of impingement is determined on the basis of the
time interval between the signal flanks in conjunction
with the velocity of the beam movement.

11. Process of claim 9 wherein the output signal of the
probe is displayed by means of a cathode ray tube, and
the velocity of movement of the charged-particle beam
In the area of the probe is determined on the basis of the
time interval between the signal flanks in conjunction
with the crossbar length.

12. In an electron beam melting apparatus having an

evaporation crucible with a melt therein and a focused -

beam of charged particles guided periodically over the
surface of the melt, the improvement comprising: means
for controlling the beam with respect to its evaporation
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8

properties and its positioning to protect the marginal
area of the crucible to prevent contamination of the
vaporized melt.

13. The apparatus according to claim 12, wherein the
beam controlling means comprises at least one probe
positioned in front of the melt surface in the direction of
the beam within the beam trace and in the marginal area
of the crucible and means for displaying the output of
the probe corresponding to the parameters relating to
the beam at the marginal area.

14. In an electron beam melting process of the type
wherein a focused beam of charged particles is guided
periodically over the surface of a melt in an evaporation
crucible, the improvement comprising protecting the
marginal area of the crucible by controlling the beam
with respect to its evaporation properties and its posi-
tioning to prevent contamination of the vaporized melt.

15. The process according to claim 14, wherein the
step of controlling comprises positioning at least one
probe in front of the melt surface in the direction of
radiation within the beam trace and in the marginal area

‘of the crucible and displaying the output of the probe

corresponding to the parameters relating to the beam at

the marginal area.
X * * . *
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